In this study, a simple, sensitive and reliable fingerprint analysis method by high-performance liquid chromatography coupled with diode array detection (HPLC-DAD) was developed for quality analysis of Bulbus Lilii, which is a famous traditional Chinese medicine and widely used as a restorative food. Then the developed method was subsequently applied to analyse 16 samples collected or purchased from different origins. Twelve common fingerprint peaks, including four definitely identified peaks, were found in total, and were involved for further characterisation and quality evaluation of Bulbus Lilii. The chemical quality of commercial samples collected from different origins varied obviously, indicating that more attention should be paid to the standardisation of the process of harvesting, manufacturing and storage of Bulbus Lilii. This is the first time that a new method has been established to control the quality of Bulbus Lilii through HPLC-DAD.
Bulbus Lilii, named Bai-He in Chinese, is derived from the dried bulbs of Lilium lancifolium Thunb (family Liliaceae), a species of lily native to northern and eastern Asia, including Korea, Japan, China and Sakhalin. Bulbus Lilii has been extensively used both as a food and traditional Chinese medicine (TCM) for many centuries in China, due to its health promoting properties to treat bronchitis, pneumonia, cough, tuberculosis, chronic gastritis, to provide nourishment and act as a tonic [1, 2] . Recent reports additionally disclose antioxidative, antibacterial and anti-inflammatory activities of the methanol extract of Bulbus Lilii [3, 4] . The quality of the drug has been evaluated only by macroscopical and microscopical examination, thin layer chromatographic identification and by the content limit of moisture, total ash and water extract in the Chinese Pharmacopoeia, 2010 edition, and thus needs to be further improved.
Up to now, steroidal saponins, polysaccharides and flavonoids have been isolated from Bulbus Lilii [5] . It is notable that some phenylpropanoid glycerides have also been isolated from Lilium species, which were also regarded as functional constituents [6, 7] . Further biological investigations of some natural phenylpropenoid glycerides revealed their oestrogenic, antioxidant, antitumor and antiproliferative activities [8] . These compounds are thought to be responsible for the above-mentioned biological activities of this crude drug. Nevertheless, research on its quality assessment has seriously lagged behind. Typically, although all versions of the Chinese Pharmacopoeia listed the monograph of Bulbus Lilii, there was no holistic quality evaluation method for this herb, even for the expediential approach focusing on qualitative and quantitative analysis of a single bioactive or marker compound [9] . Obviously, current methods could not meet the demand of quality control of this herb. As is known, any TCM contains many known and unknown components, and since it is almost impossible to know all of the components causing its efficacy, a quality control method aimed at all effective constituents is still unavailable. A feasible method should be based as much as possible on the holistic component pattern of the herb and its chemical composition.
Chromatographic fingerprinting, owing to its capability of displaying and evaluating the overall chemical pattern of a TCM, is thought to be a feasible approach for the quality control of herbal drugs and has been widely accepted and increasingly applied in assessing the quality of TCMs [10] . The HPLC fingerprint, showing not only naturally occurring active constituents, but also the chemically characteristic ratios, has been accepted by many authorities and organisations as a strategy for quality evaluation of herbal medicines, and was, therefore, introduced by WHO as a strategy for identification and quality control of TCMs. When comparing the compositional similarities and differences of the HPLC fingerprint chromatograms, the professional software named "Similarity Evaluation System for Chromatographic Fingerprint of Traditional Chinese Medicine" (SESTCM, Version 2004 A) was often used to synchronise the chromatographic peaks and to calculate the cosine values of vectorial angles among different chromatograms. The closer the cosine values, the more similar the two chromatograms.
In this study, a simple, accurate and valid chromatographic fingerprint method by HPLC-DAD for quality analysis of Bulbus Lilii was developed first, and then 16 samples either collected or purchased from different origins ( Table 1) the reference HPLC chromatogram for all the samples was generated by SESTCM software, respectively. The representative chromatogram of sample 14 is shown in Figure 1 . In view of the correlative coefficients, the variation ranges of similarity index for all the samples were 0.761-0.972 with only two exceptions (No. 080306 and 20080312). No. 080306 and 20080312 were collected wild samples, while all the others were cultivated. The results indicated that the chemical quality of the cultivated Bulbus Lilii was relatively consistent. As for the wild samples, it was not feasible to draw any conclusion because only two samples were available, although it differed obviously from the cultivated samples. Furthermore, in order to guarantee the steady content potency of medicinal materials for the market, it is essential to strengthen the quality control of the raw materials of Bulbus Lilii, and should pay more attention to the standardisation of the process of harvesting, manufacturing and storage.
By detailed comparison of the HPLC fingerprint chromatograms of all Bulbus Lilii samples, it was found that, although there were some differences in the number, area and ratio of fingerprint peaks among the different samples, they were generally consistent in chemical constituents. Peaks with the higher peak area, which appeared in all HPLC profiles of the samples, were assigned as characteristic common fingerprint peaks of Bulbus Lilii. Twelve characteristic common fingerprint peaks were shown in the representative chromatographic fingerprints, among which four (peaks 5, 6, 10 and 11) were definitely identified as regaloside A, regaloside D, regaloside B and the 4-acetyl derivative of regaloside D by comparing with reference compounds based on their retention time (Rt) and UV spectra. Figure 2 displays HPLC fingerprints of 16 batches of the commercial herbal drug. It could be intuitively HPLC-DAD fingerprints of 16 batches of Bulbus Lilii at 305 nm. S1-S16 represent sixteen batches of Bulbus Lilii samples numbered from 1 to 16 in Table 1 .
found that these commercial samples of Bulbus Lilii exhibited similar HPLC patterns, and phenylpropenoid glycerides represented by regaloside A and its four analogs were a dominant class of components in all the samples in terms of content.
The Rt and peak area of regaloside A (peak 5, Rt 23.08 min) were stable and reproducible, so this compound was defined as a reference peak and a reference marker for calculating the relative peak area in this study. Regaloside B, the characteristic compound with antioxidant activity, was also used as a reference compound for the fingerprint analysis of Bulbus Lilii for the first time. The 12 characteristic common peaks could be used to characterise Bulbus Lilii and assess its chemical consistency from batch to batch and further the quality control of Bulbus Lilii.
In summary, a simple, sensitive and reliable fingerprint analysis method by HPLC-DAD was set up for quality control of Bulbus Lilii. Although there were some differences in the fingerprints among samples collected from different origins, the overall profiles of the HPLC chromatograms were consistent and 12 characteristic common fingerprint peaks, including 4 that were identified, were revealed and suggested to be used for the chemical quality evaluation. The present results also suggested that more attention should be paid to the standardisation of the process of harvesting, manufacturing and storage. The developed HPLC fingerprint analysis method and the obtained results in the present research provided an important reference for the establishment of a quality control method of Bulbus Lilii. 98% by the peak area normalisation method using HPLC-UV with the detection wavelength at 305 nm.
Experimental

Chemicals and materials
Preparation of samples:
The raw materials of Bulbus Lilii were powdered to a homogeneous size in a mill, sieved through a no. 40 mesh, and dried at 60ºC in the oven for 5 h. The powdered sample (1.0 g) was extracted with 40 mL methanol-water (8:2, v/v) solution in an ultrasonic water bath for 30 min. This process was repeated twice. The extracted solution was combined and filtered, and the filtrates were evaporated at 60ºC to dryness under vacuum. The residue was then dissolved in methanol-water (8:2, v/v) and made up to exactly 10 mL using a volumetric flask. The final solution was passed through a 0.45 µm PTFE filter prior to use. An aliquot of 10 µL of each sample solution was injected into the HPLC system for analysis. 
Apparatus and chromatographic conditions
Evaluation of precision, repeatability and sample stability:
According to the established method programmes, method precision and repeatability were evaluated by the successive analysis of 5 injections of the same sample solution and 5 replicates of the same powder sample, respectively. The stability of the sample solution at room temperature was studied at different time intervals, i.e. 0, 2, 4, 8, 12, 24 and 48 h. Sample No.081112 was used for the methodology evaluation.
Data analysis of chromatographic fingerprint:
Data analysis was carried out by professional software of Similarity Evaluation System for Chromatographic Fingerprint (version 2004A), recommended by SFDA of China. The cosine values of vectorial angle of entire chromatographic patterns among different samples were calculated, and a mean chromatogram as a reference fingerprint chromatogram was generated using the SESTCM. Subsequently, the correlation coefficients of all introduced chromatograms relative to the mean chromatogram were calculated.
